Oxidative stress has been implicated in xenobiotic-induced hepatorenal toxicity. This research was designed to investigate the effects of vitamins C and E on tenofovir/nevirapine-induced liver and kidney levels of superoxide dismutase (SOD), glutathione (GSH), catalase (CAT) and malondialdehyde (MDA) in male albino rats. Forty five male albino rats were used for this study. The rats were divided into groups A-I of 5 rats each. Group A (placebo control) and group B (solvent control) were orally treated with water and arachis oil respectively. Groups C -F were orally treated with vitamins C, E, combined doses of vitamins C and E, and tenofovir/nevirapine, respectively. Groups G-I were pretreated with vitamins C, E and combined doses of vitamins C and E prior to treatment with tenofovir/nevirapine, respectively. Rats were sacrificed after treatment for 30 days; liver and kidneys were collected and evaluated for the above parameters. Significant (p<0.05) increases in the baseline levels of liver and kidney SOD, GSH, and CAT with decreases in MDA levels were obtained in vitamins C and E treated rats when compared to control. However, treatment with tenofovir/ nevirapine significantly (p<0.05) decreased liver and kidney SOD, GSH, and CAT levels with increases in MDA levels when compared to control. However, all tenofovir/nevirapine -induced alterations were abrogated in rats pretreated vitamins C and E. Abrogation was most pronounced in rats pretreated with combined doses of vitamins C and E. The observations in the present study could be attributed to the inhibitory effects of vitamins C and E on the oxidative activity of tenofovir/nevirapine in the liver and kidneys of treated rats.
INTRODUCTION
Liver and kidney are vital organs for human existence with both anatomical and physiological functions. The liver functions in transforming and detoxifying drugs and metabolites. It also produces different types of plasma proteins, such as albumin, which are delivered into the blood, as well as metabolites that are constituents of the bile (Arias et al., 1997; Junqueira and Carneiro, 2003; Sasse et al., 2013) . Kidneys are organs that serve several essential regulatory functions which include drug excretion and the removal of waste products. They also serve homeostatic functions such as the regulation of electrolytes, maintenance of acid-base balance and regulation of blood pressure (Raghavendra, 2013) . Kidney and liver contain antioxidants, which protect them from free radical-induced oxidative damage. The constant involvement of the liver and kidney in drug biotransformation and excretion respectively could lead to druginduced oxidative stress, characterized by depletion of antioxidants and consequently damage to their architecture, thereby impairing their functions (Woodward et al., 2009; An et al., 2009) .
The use of highly active antiretroviral therapy, which involves the combination of three or more classes of antiretroviral drugs, has contributed to a drastic decrease in morbidity and mortality associated with human immunodeficiency virus (Li et al., 1998) . However, the long-term use of highly active antiretroviral therapy could place more toxicological burden on the liver and kidney (Johnson et al., 2004) . Tenofovir/nevirapine (TDF/NVP) combination is a component of highly active antiretroviral therapy used as part of all preferred regimens for antiretroviral-naive adults and adolescents. The use of TDF/NVP has contributed to increase in life expectancy, decrease in acquired immune deficiency syndrome defining conditions, and marked immunological improvements in patients living with human immunodeficiency virus (Hammer et al., 2008; Gallant and Deresinski, 2003) However, tenofovir and nevirapine could be associated with nephrotoxicity and hepatotoxicity, respectively (Adaramoye et al., 2013; Ramamoorthy et al., 2014) therefore, concurrent use could precipitate hepatorenal toxicity characterized by oxidative stress.
Vitamins C and E are antioxidants with activities against drug-induced oxidative stress in biological systems (Sies, 1985) . Vitamin C is a water-soluble, non-enzymatic antioxidant in plasma and tissues. It is a potent reducing agent that readily donates electrons to recipient molecules (Combs and Gerald, 2013) . It protects biomolecules from damage by reactive oxygen species and also participates in the recycling of other antioxidants such as vitamin E (Carr, and Frei, 1999) . Vitamin E is an important lipid-soluble antioxidant that protects membranes from oxidation by reacting with lipid radicals produced in the lipid peroxidation chain reaction. The removal of free radical intermediates by vitamin E can prevent or terminate the propagation of lipid peroxidation chain reaction. Termination of lipid peroxidation chain reaction by vitamin E produces oxidized alpha tocopheroxyl radicals, which can be recycled back to the active reduced form by other antioxidants such as vitamin C (Herrera, and. Barbas, 2001; Packer et al ., 2001) . Vitamins C and E are known to have sparing effects on each other and synergy in antioxidant activity has been reported with concurrent use (Traber and Atkinson, 2007) . Furthermore, in our previous study, vitamins C and E pretreatments attenuated TDF/NVPinduced alterations in biomarkers of liver and kidney functions in albino rats (Adikwu et al., 2016) . This study was aimed at investigating the effects of vitamins C and E on the baseline and TDF/NVP-induced liver and kidney levels of superoxide dismutase (SOD), glutathione (GSH), catalase (CAT) and malondialdehyde (MDA) in male albino rats.
MATERIALS AND METHODS

Animals
Rats of average weight 330±5g used for this study were obtained from the animal house of the Department of Pharmacology and Toxicology Madonna University, Elele, Rivers State. Rats were allowed to acclimatize for 14 day, and had free access to food and water ad libitum.
Drugs
Pure samples of tenofovir, nevirapine, vitamins E and C were purchased from Shijiazhuang AO pharm Import and Export Trading Co., Ltd, China. Tenofovir and nevirapine powder were suspended in arachis oil while vitamin C was dissolved in water. Vitamins C, 20mg/kg/day, vitamin E, 20mg/kg/day (BNF, 1999) and 90/60 mg/kg/day of TDF/NVP (Adikwu et al., 2016) were used for this study.
Experimental design
The rats were divided into groups A-I of 5 rats each. Group A (placebo control) and group B (solvent control) were orally treated with water and arachis oil respectively. Groups C-F were orally treated with vitamins C, E, vitamins C and E, and TDF/NVP respectively. Groups G-I were pretreated with vitamins C, E and combined doses of vitamins C and E prior to treatment with TDF/NVP respectively. Rats in all groups were once daily treated for 30 days.
Collection of sample
Rats were sacrificed with the aid of diethyl ether. Rats were dissected; kidney and liver were collected and washed in an ice cold 1.15% KCL solution. Kidney and liver were then homogenized with 0.1M phosphate buffer (pH 7.2). The resulting homogenates were centrifuge at 2500rmp speed for 15min and the supernatants decanted and used for the evaluation of oxidative stress indices.
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Analysis of oxidative stress indices
Liver malondialdehyde was evaluated according to Buege, and Aust, 1978 while superoxide dismutase was evaluated according to Sun and Zigma, 1978 . Glutathione level was evaluated as reported by Ell man, 1959 while and catalase level was evaluated according to the method of Sinha, 1972.
Statistical analysis
Results are expressed as mean +SEM. Results were analyzed using one way analysis of variance (ANOVA) and statistical significance was set at p<0.05
RESULTS AND DISCUSSION
Treatment with individual doses of vitamins C and E significantly (p<0.05) increased baseline liver and kidney SOD, CAT and GSH levels when compared to control. However, highest levels of SOD, CAT and GSH levels were obtained with pretreatment using combined doses of vitamins C and E. The SOD, CAT and GSH values obtained with pretreatment using combined doses of vitamins E and C were significantly (p<0.05) different when compared to their individual doses (Table   I and II). On the other hand, treatments with individual doses of vitamins C and E significantly (p<0.05) decreased baseline liver and kidney MDA levels when compared to control. A combination of vitamin C and E further decreased baseline liver and kidney MDA levels to 0.31±0.03 and 0.30±0.06nmole/mg protein respectively. These decreases were significantly (p<0.05) different when compared to MDA values obtained with treatments using individual doses of vitamins C and E (Table I  and II) On the contrary, this study observed significant (p<0.05) increases in liver and kidney MDA levels to 3.2±0.07 and 2.65±0.01nmole/mg protein respectively in rats treated with NVP/TDF when compared to control. However, pretreatments with individual doses of vitamins C and E prior to treatment with TDF/NVP decreased liver MDA levels to 1.73±0.06 and 1.51±0.05nmole/mg protein while kidney MDA levels were decreased to 1.35±0.03 and 1.29±0.04nmole/mg protein respectively. These decreased MDA values were significantly (p<0.05) different when compared to MDA values obtained with TDF/NVP treatment. Further decreases in liver and kidney MDA levels to 0.72±0.08 and 0.70±0.03nmole/mg protein were obtained in rats pretreated with combined doses of vitamins C and E. These decreased MDA values were significantly (p<0.05) different when compared to MDA values obtained with pretreatments using individual doses of vitamins C and E (Figure 1  and 5) .
Furthermore, treatment with TDF/NVP decreased liver SOD, CAT to 2.20±0.04, 3.13±0.01, U/mg protein and GSH to 2.23±0.06μM/mg protrein while that of the kidneys were decreased to 3.00±0.02, 3.21±0.01, U/mg protein 2.40±0.03μM/mg protrein respectively. The observed decreases were significantly (p<0.05) different when compared to control. However, pretreatments with individual doses of vitamins C and E significantly (p<0.05) increased liver and kidney SOD, CAT and GSH levels when compare to TDF/NVP treated rats. Interestingly, pronounced increases in SOD, CAT and GSH levels in the liver and kidneys were obtained Figure 1 . Effects of pretreatments with vitamins C and E on tenofovir/nevirapine-induced liver malondialdehyde level in male albino rats. * Significant (p<0.05) difference when compared to tenofovir/nevirapine treatment. **Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E Figure 2 . Effects of pretreatments with vitamins C and E on tenofovir/nevirapine-induced liver superoxide dismutase level in male albino rats. *Significant (p<0.05) difference when compared to tenofovir/nevirapine treatment. **Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E Figure 3 . Effects of pretreatments with vitamins C and E on tenofovir/nevirapine-induced kidney catalase level in male albino rats. * Significant (p<0.05) difference when compared to tenofovir/nevirapine treatment. **Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E Figure 4 . Effects of pre-treatments with vitamins C and E on tenofovir/nevirapine-induced liver glutathione level in male albino rats. * Significant (p<0.05) difference when compared to tenofovir/nevirapine treatment. **Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E with pretreatment using combined doses of vitamins C and E. The observed increases in SOD, CAT and GSH levels were significantly (p<0.05) different when compared to levels obtained with pretreatments using individual doses of vitamins C and E. (Figure 2-8 ) Cells have antioxidant defense mechanisms which include superoxide dismutase (SOD), catalase (CAT) and glutathione (GSH). These mechanisms prevent xenobiotic-induced oxidative damage. Studies have shown that antioxidant defense could be depleted on exposure to drugs and toxic chemical substances (Sánchez, 2010) . This study was aimed at investigating the effects of vitamins C and E on the baseline and TDF/NVP-induced kidney and liver levels of superoxide dismutase (SOD), glutathione (GSH), catalase (CAT) and malondialdehyde (MDA) in male albino rats. In this study, treatments with individual doses of vitamins C and E decreased liver and kidney MDA levels Figure 5 . Effects of pretreatments with vitamins C and E on tenofovir/nevirapine-induced kidney malondialdehyde level in male albino rats. *Significant (p<0.05) difference when compared to tenofovir/nevirapine treatments. **Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E Figure 6 . Effects of pretreatments with vitamins C and E on tenofovir/nevirapine-induced kidney superoxide dismutase level in male albino rats. *Significant (p<0.05) difference when compared to tenofovir/nevirapine treatment. **Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E Figure 7 . Effects of pretreatments with vitamins C and E on tenofovir/nevirapine-induced kidney catalase level in male albino rats. * Significant (p<0.05) difference when compared to tenofovir/nevirapine treatment. **Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E Figure 8 . Effects of pretreatments with vitamins C and E on tenofovir/nevirapineinduced liver glutathione level in male albino rats. * Significant (p<0.05) difference when compared to tenofovir/nevirapine treatments. ** Significant (p<0.05) difference when compared to pretreatments with individual doses of vitamins C and E with increases in SOD, CAT and GSH levels. Most pronounced effects on these parameters were obtained with treatment using combined doses of these vitamins. This observation is in agreement with previous reports (Abraham et al., 2010) . On the contrary, TDF/NVP treatment increased kidney and liver levels of MDA, but decreased SOD, CAT and GSH levels. The observations in TDF/NVP treated rats suggest signs of oxidative hepatorenal damage (Adaramoye et al., 2012) .This could be attributed to oxidative stress induced by these agents in the kidney and liver of treated rats via the generation of oxidative radicals which might have led to the depletion of these antioxidants (Ramamoorthy et al., 2008) . In the present study, observed depletion in kidney antioxidants could be attributed to the toxic effect of tenofovir on the kidneys of treated rats (Martínez et al., 2001) while decreases in antioxidant levels in the liver of TDF/NVP treated rats could be attributed to the toxic effect of nevirapine on the liver (Chu et al., 2010; Adikwu and Brambaifa, 2013) Reduced glutathione (GSH) is the most prevalent non-protein thiol in animal cells. It is involved in the detoxification of a variety of electrophilic compounds and peroxides via catalysis by glutathione S-transferase (GST) and glutathione peroxidases (GPx) (Anderson, 1998; Mullineaux, and Creissen, 1997; Babiak., et al., 1998) . SOD competes with nitric oxide for reaction with superoxide and prevents the generation of peroxynitrite, a potent oxidant that can modify proteins to form 3-nitrotyrosine (Bowler, 1992) . CAT catalyzes the dismutation of superoxide anion radicals to hydrogen peroxide which is degraded into a molecule of oxygen and water. The observed decreases in liver and kidney GSH, SOD, and CAT levels in TDF/NVP treated rats might have stimulated the accumulation of oxidative radicals leading to kidney and liver damage (Johnson and Giulivi, 2005; Saravanan et al., 2013) . Malondialdehyde (MDA) is a biomarker of oxygen radical-induced lipid peroxidation (Fridovich, 1995) . The observed increases in MDA levels in the liver and kidneys of TDF-NVP treated rats are signs of lipid peroxidation. Studies have shown that lipid peroxidation can cause decrease in membrane fluidity and in the barrier functions of membranes. Also, it could produce oxidized products that could stimulate oxidative damage to cell structures and in toxicity process that could lead to cell death (Yin et al., 2011; Avery, 2011) However, pretreatments with individual doses of vitamins C and E prior to treatment with TDF/NVP decreased kidney and liver MDA levels while SOD, CAT and GSH levels were increased. Most pronounced effects were obtained in rats pretreated with combined doses of these vitamins. The observed protective effects of vitamins C and E on TDF/NVP-induced hepatorenal oxidative stress are consistent with our previous study where these antioxidants attenuated ATV/rinduced oxidative stress in the kidneys of treated rats (Adikwu et al., 2016) . Similarly, Sohini and Rana reported the protective effect of vitamin C on inorganic arsenic-induced oxidative stress in liver and kidneys of rats (Sohini and Rana , 2007) . The finding in this study is also in agreement with the observations by Uboh and co-researchers who reported abrogation of gasoline vapor-induced liver injury by vitamins C and E (Uboh et al., 2012) . In the present study, most pronounced mitigation observed in rats pretreated concurrently with vitamins C and E is in agreement with the work of Layachi and Kechrid who evaluated the protective effects of vitamins C and E on cadmium-induced oxidative liver injury in rats (Layachi and Kechrid, 2012) . In addition, Aziz and coresearchers also reported synergistic effect with concurrent use of vitamins C and E on leadinduced liver and kidney injury in rats (Aziz et al., 2012) Furthermore, decreases in kidney and liver MDA levels with increases in SOD, CAT and GSH levels observed with pretreatments using vitamins C and E could be attribute to the antioxidant effects of these vitamins and their abilities to regenerate or sustain antioxidant levels (Deavall et al., 2012) . Vitamin C is a reducing agent that protects cellular components from oxidative damage. It acts as a scavenger of harmful oxygen derived species, such as the hydroxyl radical, hydrogen peroxide, and singlet oxygen (Sadi, 2012) . It can also up-regulate the activities of other antioxidants such as SOD, GST, CAT and GSH (Packer,1997) . Vitamin E is a scavenger 217 of molecular oxygen, peroxide, hydroxyl radicals and atomic oxygen radicals (Kanter et al., 2009) . It has been reported to either donate a hydrogen atom or possibly interacts with arachidonic acid to protect membrane lipid bilayer from lipid peroxidative damage. It can exert its protective effect by stabilizing the polypeptide chains of proteins. Studies have also shown that vitamin E could sustain the intracellular levels of SOD, GST, CAT and GSH (Sert et al., 2000; El-hadjela et al., 2013) . In this study, pronounced effects obtained with concurrent use of vitamins E and C could be attributed to additive or synergistic effect of these vitamins. Studies have shown that vitamin C has the ability to regenerate oxidized vitamin E molecules and thereby increasing its activity (Wirtz et al., 1996) .
CONCLUSION
The present study showed that pretreatments with vitamins C and E mitigated tenofovir/nevirapine-induced hepatorenal oxidative stress. Mitigations were most pronounced in rats pretreated concurrently with these vitamins. The observations in this study could be attributed to the inhibitory effects of vitamins C and E on the oxidative effect of tenofovir/nevirapine in the liver and kidneys of treated rats.
